Abstract
We predict that the a 0 0 (980)-f 0 (980) mixing would lead to large CP violation. We calculate the localized direct CP asymmetry in the decays B ± → f 0 (980)[a 0 0 (980)]π ± → π + π − π ± via the a 0 0 (980)-f 0 (980) mixing mechanism based on the hypotheticalstructures of a 0 0 (980) and f 0 (980) in the QCD factorization. It is shown that there is a peak for CP violation, which could be as large as 58%, when the invariance mass of ππ is near the masses of a 0 0 (980) and f 0 (980). Since the CP asymmetry is sensitive to the a 0 0 (980)-f 0 (980) mixing, measuring the CP violating parameter in the aforementioned decays could provide a new way to verify the existence of the a 0 0 (980)-f 0 (980) mixing and be helpful in clarifying the configuration nature of the light scalar mesons.
CP violation is one of the most fundamental and important properties of the weak interactions. Even though it has been known since 1964 [1] , we still do not know the source of CP violation completely. In the standard model, CP violation is originated from the weak phase in the Cabibbo-Kobayashi-Maskawa (CKM) matrix [2, 3] . Besides the weak phase, a large strong phase is also needed for the direct CP violation in decay processes.
Usually, this large phase is provided by the short distance and long distance interactions.
The short distance interactions are caused by QCD loop corrections, and the long distance interaction can be obtained by some phenomenological mechanisms, which is more sensitive to the structure of the final states. It was suggested long time ago that large CP violation should be observed in the B meson systems. In the past few years, more attentions have been focused on CP violation in the multi-body B meson decays both theoretically and experimentally. Inspired by the experimental progresses, more efforts should be carried out for precisely testing the Standard Model and looking for the new physics through CP violation in these decay processes.
The scalars below 1 GeV play an important role in understanding nonperturbative QCD. The a 0 0 (980) and f 0 (980) mesons aroused considerable theoretical interests, but their structures are still controversial. These two mesons, with different isospin but the same spin parity quantum numbers and closed masses, lie near the threshold of the KK channel and both of them couple to KK. Due to the fact that the amplitude of the isospin breaking transition is caused by the mass difference of KK, a mixing will occur between the f 0 (980) and a 0 0 (980) intermediate states in the multi-body decays. The a 0 0 (980)-f 0 (980) mixing was discovered theoretically in the late 1970s [4] and has been studied experimentally in several decays by the BESIII collaboration recently [5] . However, the mixing mechanism between these two mesons is still short of firm experimental evidence. In previous works, it was found that the ρ-ω mixing, which is also introduced due to the isospin violation, generates large strong phases and thus enhances the CP violation when the invariant mass of the final ππ state is in the ρ-ω interference region. Inspired by the ρ-ω mixing, we expect the a 0 0 (980)-f 0 (980) mixing may lead to large CP violation. Since the CP asymmetry contains more informations on the strong phase than the decay width, we propose to test the a 
, appear in the narrow region of the KK thresholds, which are shown in Fig. 1 . This KK loops would lead to an mixing amplitude.
In Ref. [4] , this mixing mechanism was investigated phenomenologically. The amplitude of the a 0 0 (980)-f 0 (980) mixing can be written as [4, 6] 
where In recent years, the LHCb Collaboration has focused on multi-body final states in the decays of the B mesons and preformed a novel strategy to probe CP asymmetries in the Dalitz plots [7] . These multi-body decays provide much more information on strong phases than the two-body decays. Naturally, the a 
where m is the invariant mass of ππ, m B is the mass of the B meson, p *
and
with m P being the mass of P . The amplitudes can be expressed as
where H T and H P are the tree and penguin operators, respectively, we also define the strong phase δ, the weak phase φ, and the relative magnitude r, respectively. Considering the a 0 0 (980)-f 0 (980) mixing, one has
in which T a 0 0 (f 0 ) and P a 0 0 (f 0 ) correspond to the tree and penguin diagram amplitudes for 
where Π 
It can be seen from Eq. (6) that the a 0 0 (980)-f 0 (980) mixing provides additional complex terms which may enlarge the CP-even phase and leads to a peak for CP violation when the invariance mass of ππ is near the a 0 0 (980) and f 0 (980) mesons. The differential CP violating parameter can be defined as
where m is near 980 MeV in our case,M is the decay amplitude of the CP conjugate process.
By defining
to the leading order of Π a 0 0 f 0 , we have
δ α , δ β and δ q denote the remaining unknown strong phases at short distance. In the absence of the a 0 0 (980)-f 0 (980) mixing, at least one of these phases would have to be non-zero for CP asymmetry. In the ideal case, we neglect the strong phases at short distance. One has
. The isospin-breaking for ρ and ω is generated at the quark level (between the u and d quarks) while the a 0 0 (980)-f 0 (980) mixing is caused by the mass difference between K 0K 0 and
larger than that of the ρ-ω mixing (|Π ρω | ≈ 0.0045 GeV 2 [8] ), that is to say, the a 0 0 (980)-f 0 (980) mixing can enlarge CP violation much more than the ρ-ω mixing. We also note that the phase of the mixing amplitude varies from 0 to π/2 when the invariant mass of π + π − is near the 980 MeV [6] . Thus, the CP violating parameter has a narrow peaks located around 980 MeV in the final π + π − spectrum.
Without loss of generality, we will now evaluate CP violation in the decays more quark-antiquark pair is required to be produced in the decay process comparing with two quark picture. It is thus expected that the amplitude would be smaller in the four-quark picture than that in the two-quark picture when a light scalar meson is produced. Therefore, we assume that thestructure dominates in our process and calculate the amplitude based on thestructure.
In the QCD factorization, with thestructure assumption, the amplitude of the decays 
where ,r
The general form of the coefficients a p i (M 1 M 2 ) at the next-to-leading order in α s are 
, and H i (M 1 , M 2 ) are vertex corrections, penguin corrections, and hard spectator corrections, respectively, which are listed in Appendix. As for the weak annihilation contributions, we follow the expressions given in Refs. [10, 11] 
where the subscripts 1, 2, 3 of A i, f n denote the annihilation amplitudes induced from (V − A)(V − A), (V − A)(V + A) and (S − P )(S + P ) operators, respectively, and i and f denote the gluon emission from the initial-and final-state quarks, respectively.
In the naivemodel, f 0 (980) is an pure ss state. However, several experiments indicate that there is a mixture between the light and strange quarks: |f 0 (980) = |ss cos θ + |nn sin θ, |f 0 (500) = −|ss sin θ + |nn cos θ, where nn ≡ (uū + dd)/ √ 2 and θ is the mixing angle. We take θ = 20
• as in Refs. [10, 11] . In the expressions of the spectator and annihilation corrections, there are end-point divergences
. The QCD factorization suffers from these endpoint divergences which can be parameterized as [10, 11] 
where one may take ρ H(A) ≤ 0.5 and arbitrary strong phases φ H(A) [10] . In practice, we calculate the CP violation when ρ H(A) = 0.25, 0.5 and φ H(A) = 0, π/2, π, 3π/2, respectively.
Then, considering the a 0 0 (980)-f 0 (980) mixing, the total amplitude of the decay
and the differential CP violating parameter is
One can see that λ p (λ * p ) provides a weak CP-violation phase and the strong phases occur in the mixing amplitude, the scalar propagators, and Eqs. (10), (11), (13), (14) and (16) into Eq. (17), the differential CP violating parameter is obtained, which is displayed in Fig. 2 as a function m. In the effective region of the 
In those studies, the mixing intensities were measured from the decay amplitudes. On the other hand, the CP asymmetry is proportional to sine of the strong phases which depends on the a 
where α n = µ S B n with B n being the Gegenbauer moments and C 
The explicit expressions of A i, f n in the weak annihilations are given by [10] A i
